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(54) WORKING MACHINE

(67)  Providedis aworking machineincludingfirstand
second members, an angle detection device and a con-
nection pin connected to the first and second members
to rotate integrally with the second member relative to
the first member. The angle detection device has a mark-
er, an angle sensor and a guard member, which has a
main guard portion covering the angle sensor and includ-
ing an inner opposite surface opposed to an end surface
of the projecting end portion and a guard-member-side
engagement portion. One of the angle sensor and the
marker is disposed on the inner opposite surface, the
other disposed on the end surface. The first member has
a first-member-side engagement portion engaging with
the guard-member-side engagement portion to restrain
the main guard portion from relative rotation. The guard
member can contact with the connection pin to restrain
the guard member from relative displacement to the pro-
jecting end portion.
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Description
Technical Field

[0001] The presentinvention relates to a working ma-
chine including a first member and a second member
which are rotatably coupled to each other, and an angle
detection device which detects an angle that the second
member makes with the first member.

Background Art

[0002] There is conventionally known a working ma-
chine equipped with a working device including two mem-
bers rotatably coupled to each other such as a hydraulic
excavator and a crusher, wherein the working device is
further provided with an angle sensor for detecting an
angle between the two members (e.g. JP H06-049938
U).

[0003] FIG.9andFIG. 10show oneexample of a work-
ing machine of such a type. The working machine in-
cludes a first member 104, a second member 106 rotat-
ably attached to the first member 104 through a joint pin
105, a housing body 110 fixed to the first member 104,
an angle detection device 107 including an angle sensor
111 which is fixed to the housing body 110 and has a
detection shaft, and a lever 112 which interconnects the
detection shaft and an external surface portion of the
second member 106. The angle sensor 111 detects a
relative angle that the second member 106 makes with
the first member 104. The angle detection device 107
further includes a cover member 113, which is arranged,
as indicated by hatching in FIG. 9, so as to guard the
angle sensor 111 axially thereof.

[0004] Thecover member113is, however, notallowed
to cover the angle sensor 111 at the side of the cover
member 113 because of the necessity for avoiding inter-
ference between the lever 112 and the cover member
113 within arotational range of the lever 112. This causes
the angle sensor 111 to be likely to result in failure due
to intrusion of a stone or the like.

[0005] In addition, the cover member 113 may be de-
formed by physical contact thereof with other member to
bring a part of the deformed cover member 113 into con-
tact with the angle sensor 111, which can involve damage
of the angle sensor 111 or disable the angle sensor 111
from appropriate angle detection. Besides, damage of
the lever 112 itself also disables the angle detection from
being performed.

Summary of Invention

[0006] An object of the present invention is to provide
a working machine including a first member, a second
member coupled to the first member so as to be capable
of rotational movement in a specific rotational-movement
direction with respect to the first member, and an angle
detection device including an angle sensor which detects
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a rotational-movement angle that the second member
makes with the first member in the rotational-movement
direction, the working machine being capable of reliably
guarding the angle sensor without hindering the rotation-
al movement.

[0007] To achieve the above object, the present inven-
tors have conceived of providing a guard member which
covers an angle sensor and letting a load applied to the
guard member be transmitted to a connection pin for cou-
pling a first member and a second member, the connec-
tion pin having high rigidity. Specifically, provided is a
working machine including: a first member; a second
member; a connection pin interposed between the first
member and the second member, the connection pin in-
terconnecting the first member and the second member
so as to allow the second member to make rotational
movement relative to the first member in a rotational-
movement direction around the connection pin; and an
angle detection device which detects a rotational-move-
ment angle as an angle that the second member makes
with the first member in the rotational-movement direc-
tion. The connection pinis connected to the second mem-
ber so as to make rotational movement integrally with
the second member while being connected to the first
member so as to be able to make rotational movement
relative to the first member in the rotational-movement
direction, the connection pin having a projecting end por-
tion which projects beyond the first member and the sec-
ond member in an axial direction of the connection pin.
The angle detection device includes a marker, an angle
sensor which detects a relative angle position of the
marker to the angle sensor in the rotational-movement
direction, and a guard member which guards the angle
sensor, the marker and the angle sensor being arranged
so as to detect an angle that the connection pin makes
with the first member in the rotational-movement direc-
tion. The guard member has a main guard portion, which
covers the angle sensor so as to surround the projecting
end portion of the connection pin all around the projecting
end portion, and a guard-member-side engagement por-
tion joined with the main guard portion. The main guard
portion has an inner opposite surface which is an inner
surface opposed to an end surface of the projecting end
portion of the connection pin, one of the angle sensor
and the marker being a first detection element disposed
on the inner opposite surface, the other of the angle sen-
sor and the marker being a second detection element
disposed on the end surface of the projecting end portion
so as to be opposed to the first detection element with a
gap in the axial direction. The first member has a first-
member-side engagement portion engageable with the
guard-member-side engagement portion, and the first-
member-side engagement portion and the guard-mem-
ber-side engagement portion engage with each other to
restrain the main guard portion from relative rotational
movement to the firstmemberin the rotational-movement
direction. The guard member includes respective parts
capable of making contact with an axial end surface and
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a circumferential surface of the projecting end portion of
the connection pin, the contact causing the guard mem-
ber to be restrained from relative displacement to the
projecting end portion.

Brief Description of Drawings
[0008]

FIG. 1 is an exploded perspective view showing an
enlargement of an angle detection device of a hy-
draulic excavator and periphery thereof according to
an embodiment of the present invention;

FIG. 2is aside view showing the hydraulic excavator;
FIG. 3 is an exploded perspective view showing an
arm as a first member of the hydraulic excavator;
FIG. 4 is a side view showing the angle detection
device;

FIG. 5 is a plan view showing an enlargement of the
angle detection device and the periphery thereof;
FIG. 6 is a side view showing an enlargement of a
part of the angle detection device on a cover-portion
side;

FIG. 7 is a side view showing an enlargement of the
angle detection device and periphery thereof in a
state where the cover portion side is removed;

FIG. 8 is a sectional view taken along line VIII-VIIl in
FIG. 7;

FIG. 9 is a side view showing an enlargement of a
connection portion between a first member and a
second member according to conventional art; and
FIG. 10 is an enlarged sectional view taken along
line X-Xin FIG. 9.

Description of Embodiments

[0009] Below will be described an embodiment of the
present invention with reference to the drawings.

[0010] FIG. 2 shows ahydraulic excavator 1 as a work-
ing machine according to the embodiment of the present
invention. The hydraulic excavator 1 includes a lower
travelling body 2, an upper slewing body 3 capable of
being slewed above the lower travelling body 2, and a
working device. The upper slewing body 3 is provided
with a driving room 3a on a front part thereof. The working
device includes: a boom 4 supported by the upper slew-
ing body 3 so as to be raised and lowered; a boom cyl-
inder which extends and contracts so as to raise and
lower the boom 4; an arm 6 rotatably connected to a distal
end of the boom 4, the arm 6 being a first member; an
arm cylinder 7 which extends and contracts so as to rotate
the arm 6; a crushing device 8 as an end attachment
which is rotatably attached to a distal end of the arm 6;
an end attachment cylinder 9 which extends and con-
tracts so as to rotate the crushing device 8; a pair of right
and left idler links 10 as a second member rotatably cou-
pled to a distal end portion of the end attachment cylinder
9 and the arm 6, respectively; a bucket link 11 rotatably
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coupled to the pair of right and left idler links 10 and the
crushing device 8, respectively; and a pair of right and
left connection pins 12. The end attachment is not limited
to the crushing device 8, being permitted to be either of
various kinds of buckets, a lifting magnet, a grapple and
the like. The crushing device 8 is coupled to a part of the
arm 6 which part is close to the distal end portion of the
arm 6 through an arm side coupling pin 13 shown in FIG.
3, while being coupled to a distal-end-side end portion
of the bucket link 11 through a link-side coupling pin 14
shown in FIG. 3.

[0011] The pair of right and left idler links 10 has a
proximal end portion and a distal end portion opposite
thereto, the distal end portion being coupled to the distal
end portion of the end attachment cylinder 9. The prox-
imal end portion is connected to the arm 6 through the
connection pin 12 so as to be able to make rotational
movementin a rotational-movement direction around the
connection pin 12. Fig. 4 shows a bidirectional arrow R
which indicates a range of the rotational movement of
the idler link 10 with respect to the arm 6. Each of the
pair of right and left connection pins 12 according to the
present embodiment has an inner end portion rotatably
supported by the arm 6 and an outer end portion con-
nected to the idler link 10 so as to make rotational move-
ment integrally with the idler link 10, the outer end portion
including a projecting end portion which projects out-
wardly beyond the arm 6 and the idler link 10. The pro-
jecting end portion has a flange portion 12b, which
projects radially outwardly beyond other parts over the
entire periphery.

[0012] The working machine according to the present
embodiment further includes an angle detection device
20 which detects a rotational-movement angle that the
idler link 10 makes with the arm 6 in the rotational-move-
ment direction. As shown in FIG. 1, the angle detection
device 20 includes a marker 21, an angle sensor 22, and
asensor mounting bracket 23 serving as aguard member
for guarding the angle sensor 22.

[0013] The marker 21 is provided in the outer end por-
tion of one connection pin of the pair of connection pins
12, the one connection pin being on the left side of the
traveling direction. The marker 21 is, for example, a disc-
shaped or column-shaped position marker, internally
having a magnet. As shown in FIG. 7 and others, the
marker 21 is fixed to the projecting end portion of the
connection pin 12, for example, through a pair of screws
21a, so as to make rotational movement integrally with
the connection pin 12.

[0014] The angle sensor 22 detects a relative rotation-
al-movement position of the marker 21 with respect to
the angle sensor 22 in the rotational-movement direction,
namely, a rotational-movement angle. The angle sensor
22 is, for example, a magnetic non-contact rotary sensor
which gets, through an integrated circuit, a direction of a
magnetic field formed by the marker 21 and outputs the
calculated angle as an analog signal. Misalignment and
a distance between a main body of the angle sensor 22
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and the marker 21 are required to be below the tolerance.
The angle sensor 22 is disposed so as to be able to detect
the rotational-movement angle of the idler link 10 relative
to the arm 6 as described later, specifically, being at-
tached to the sensor mounting bracket 23 restrained from
relative rotational movement to the arm 6 as described
later.

[0015] In the present embodiment, the sensor mount-
ing bracket 23 is disposed so as to surround the project-
ing end portion, namely, the outer end portion of the con-
nection pin 12, the end portion projecting outwardly be-
yond a left side surface of the arm 6 as shown in FIG. 1
and FIG. 3. The sensor mounting bracket 23, alternative-
ly, may be provided around the end portion of the con-
nection pin 12, the end portion projecting from a right
side surface of the arm 6. The sensor mounting bracket
23 has respective parts capable of making contact with
an axial end surface 12a and an outer circumference of
the connection pin 12, the contact allowing the sensor
mounting bracket 23 to be prevented from coming off
from the connection pin 12.

[0016] The sensor mounting bracket 23 integrally has
a main guard portion 24 and a guard-member-side en-
gagement portion 25.

[0017] The main guard portion 24 is disposed so as to
surround the projecting end portion of the connection pin
12 all around the projecting end portion in the vicinity of
the flange portion 12b of the connection pin 12. The main
guard portion 24 has a cover portion 26 and a case portion
27 which are members separated from each other.
[0018] The cover portion 26 has a part allowing the
angle sensor 22 to be fixed thereto and a part allowing
the axial end surface 12a of the connection pin 12 to
make contact therewith. Specifically, the cover portion
26, as also shownin FIG. 6 and FIG. 8, has a disc portion
26a and a bulbous portion 26b. The disc portion 26a is,
for example, made of metal. The bulbous portion 26b
bulges radially outwardly beyond the outer circumfer-
ence edge of the disc portion 26a. The bulbous portion
26bis formed of, for example, a steel plate bent to having
opposite ends, which are welded to the disc portion 26a.
[0019] The disc portion 26a is provided with a plurality
of, for example, four, through holes 26¢. The disc portion
26a has a surface opposed to the axial end surface 12a
of the connection pin 12, namely, an inner side surface,
in which a sensor housing recess 26d is formed; the angle
sensor 22 is housed in the sensor housing recess 26d.
The sensor housing recess 26d is defined by a circular
bottom surface and a cylindrical inner circumferential sur-
face, the bottom surface being an inner opposite surface
which is opposed to an end surface of the projecting end
portion of the connection pin 12.

[0020] The disc portion 26a includes a front periphery
of the sensor housing recess 26d, the front periphery
forming a flange-portion housing recess. For example,
the flange-portion housing recess has an internal diam-
eter slightly larger than the external diameter of the flange
portion 12b and can be formed to be stepped by cutting
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the disc portion 26a. The flange-portion housing recess
is defined by a circular bottom surface having a diameter
slightly larger than an external diameter of the flange por-
tion 12b and by a cylindrical inner circumferential surface
continuous with the bottom surface, the bottom surface
and the inner circumferential surface constituting a
stepped flange contact portion 26e capable of making
contact with the axial end surface 12a and the cylindrical
outer circumferential surface of the flange portion 12b.
[0021] The angle sensor 22, being embedded in the
sensor housing recess 26d, is fixed to the inner opposite
surface of the cover portion 26 so as to be prevented
from rotational movement relative to the cover portion
26, for example, through sensor fixing screws 22c. The
cover portion 26 is formed with a positioning hole 26f.
The positioning hole 26f is located, for example, between
two through holes 26c¢ selected from the plurality of
through holes 26c¢.

[0022] AsshowninFIG. 7 and FIG. 8, the case portion
27 has an annular case body 27a, a lug portion 27b pro-
truding radially outwardly from the case body 27a, and a
bush 30.

[0023] The guard-member-side engagement portion
25 is continuous with the lug portion 27b. The guard-
member-side engagement portion 25 is a portion for re-
straining the entire main guard portion 24 including the
cover portion 26 from rotational movement relative to the
arm 6 as the first member. The guard-member-side en-
gagement portion 25 according to the present embodi-
ment is a projection extending along the axial direction
of the connection pin 12 from the lug portion 27b toward
the arm 6. The projection is shaped to a round bar in the
presentembodiment. The shape of the projectionis, how-
ever, notlimited thereto but permitted to be also a square-
shape or a plate-shape. The bulbous portion 26b has a
shape to cover the lug portion 27b and the guard-mem-
ber-side engagement portion 25 to guard them.

[0024] As shown in FIG. 7, the case portion 27 is
formed with a plurality of (four in FIG. 7) screw holes 27¢
which are opened in the outer surface (in the present
embodiment, the left side surface) of the case portion 27.
Between two of the screw holes 27c is formed a position-
ing pin 27d which projects toward the cover portion 26
beyond the outer surface. The positioning pin 27d has a
shape capable of being inserted into the positioning hole
26f to thereby align the plurality of screw holes 27c to the
plurality of through holes 26¢ in the cover portion 26,
respectively. In this state, respective fastening bolts 26g
are inserted into the through holes 26¢ and screwed into
the screw holes 27c¢, thereby fastening the case portion
27 to the cover portion 26 through the fastening bolt 26g.
The thus mutually fastened case portion 27 (specifically,
the bush 30 of the case portion 27) and cover portion 26
(specifically, the stepped flange contact portion 26e of
the cover portion 26) sandwich the flange portion 12b of
the connection pin 12 in the axial direction as shown in
FIG. 8.

[0025] The angle detection device 20 further includes
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grease 29 as shown in FIG. 8. The grease 29 fills a space
left between the marker 21 and the angle sensor 22,
which are disposed between the inner opposite surface
of the cover portion 26 and the axial end surface 12a of
the connection pin 12. The grease 29 may be additionally
fed from the outside as necessary. For example, the con-
nection pin 12 according to the present embodiment is
formed with a grease feeding path 12c extending along
a center axis of the connection pin 12 as shown in FIG.
8, allowing the grease 29 to be fed through the grease
feeding path 12c to refill the space. The grease 29 pro-
vides, in addition to lubrication between the flange portion
12b and the case portion 27, an effect of preventing dirt
oriron filings from entering the space to ensure accurate
angle detection and an effect of excluding an influence
of water to improve waterproofness of the angle sensor
22.

[0026] The first member according to the present em-
bodimentincludes, in addition to the arm 6, a fixing mem-
ber 28 as shown in FIG. 1. The fixing member 28 is fixed
to the arm 6 so as to move integrally with the arm 6, being
formed with a rotation prevention recess 28b as a first-
member-side engagement portion. Specifically, in the
outer periphery of the connection pin 12 in the outer sur-
face (the left side surface in the embodiment) of the arm
6, there is provided a pair of tapped blocks 16 in front
and behind, to which the fixing member 28 is fixed
through a plurality of bolts 28a. The fixing member 28
has a shape circularly notched to avoid interference with
the idler link 10. In the edge of thus circularly notched
part, the rotation prevention recess 28b is formed.
[0027] The rotation prevention recess 28b has a shape
that receives fitting of the guard-member-side engage-
ment portion 25 in the rotation prevention recess 28b
along the axial direction of the connection pin 12. The
thus mutually engaged rotation prevention recess 28b
and the guard-member-side engagement portion 25 re-
strain the main guard portion 24 including the case por-
tion 27 and the cover portion 26 from rotational movement
relative to the arm 6 in the rotational-movementdirection.
[0028] The fixing member 28 has a cable insertion re-
cess 28c as shown in FIG. 7. The cable insertion recess
28c, which is formed in the vicinity of the rotation preven-
tion recess 28b in the fixing member 28, has a shape
allowing a cable 22a extending from the angle sensor 22
to pass through the cable insertion recess 28c. The cable
22a thus passed through the cable insertion recess 28c
can be covered with a cable guard bracket 22b attached
to the outer surface (left side surface) of the arm 6 as
shown in FIG. 4 to be guarded.

[0029] AsshowninFIG. 1, FIG.3 and FIG. 8, the bush
30 has a cylindrical shape making close contact with the
inner surface of the case body 27a. The bush 30 has an
inner circumferential surface capable of slidable contact
with the circumferentially entire outer circumferential sur-
face of the projecting end portion of the connection pin
12. This enables a load applied to the case portion 27 to
be reliably transmitted to the connection pin 12.
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[0030] The angle detection device 20 has a mecha-
nism which suppresses leakage of the grease 29. The
mechanism includes, for example, awasher 31 disposed
adjacent to the bush 30 at a position closer to the angle
sensor 22 than the bush 30, a sealing member 32 made
of rubber or the like and disposed adjacent to the bush
30 at a position closer to the arm 6 than the bush 30, and
adustcover member 33 formed of a steel plate or the like.
[0031] Next will be described the action of the angle
detection device 20.

[0032] Inthe hydraulicexcavator 1,the end attachment
cylinder 9 extends and contracts to bring the idler link 10
into rotational movement in the rotational-movement di-
rection around the center axis of the connection pin 12,
during operation of the crushing device 8, involving rota-
tional movement of the connection pin 12 and the marker
21 fixed thereto integrally with the idler link 10 in the ro-
tational-movement direction. On the other hand, the an-
gle sensor 22 attached to the sensor mounting bracket
23 restrained from rotational movement relative to the
arm 6 senses a rotational-movement angle of the marker
21 relative to the angle sensor 22, namely, an angle in
the rotational-movement direction. The thus sensed ro-
tational-movement angle, which corresponds to the ro-
tational-movement angle of the idler link 10 relative to
the arm 6, enables the working posture of the crushing
device 8 to be grasped. The grasp of the working posture
enables, in combination with control of the angle at which
the boom 4 is raised and lowered, contact prevention
control, i.e., control for preventing the crushing device 8
and the driving room 3a or the like from contact with each
other, to be performed. This contact prevention control
makes it possible to conduct working in a wider area while
grasping the actual posture of the crushing device 8, than
conventional contact prevention control of suppressing
movement of the crushing device 8 under the assumption
that the crushing device 8 would always take a working
posture at which the crushing device 8 is most likely to
come into contact with the driving room 3a or the like.
[0033] In the present embodiment, the marker 21 is
fixed to the connection pin 12 which makes rotational
movement integrally with the idler link 10 as the second
member, while the angle sensor 22 is fixed to the sensor
mounting bracket 23 restrained from rotational move-
ment relative to the arm 6 as the first member, at a po-
sition where the angle sensor 22 is opposed to the marker
21 with a gap in the axial direction of the connection pin
12; this eliminates necessity for using a conventional le-
ver which makes rotational movement with a large radius
to sense a rotational-movement angle and further elimi-
nates necessity for leaving a space corresponding to the
rotational area of the lever. This enables the sensor
mounting bracket 23 to be disposed so as to surround
the projecting end portion of the connection pin 12 all
around it to thereby reliably guard the angle sensor 22.
[0034] Inthe case where aload is applied to the sensor
mounting bracket 23 in the axial direction of the connec-
tion pin 12 or in a direction vertical to the axial direction,
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the sensor mounting bracket 23 can make contact, in the
axial direction, with the connection pin 12 having high
strength, or can make radial contact with the outer cir-
cumferential surface of the connection pin 12, to thereby
transmitted the load to the connection pin 12. This allows
the connection pin 12 to effectively restrict the sensor
mounting bracket 23 from deformation, thereby making
it possible to ensure the guard of the angle sensor 22
and the marker 21 and to maintain the relative positional
relationship therebetween. Moreover, the prevention of
the sensor mounting bracket 23 as a guard member from
coming off from the connection pin 12 allows a deviation
in a positional relationship between the angle sensor 22
and the marker 21 to be prevented more reliably.
[0035] The sensor mounting bracket 23 according to
the present embodiment, which is divided into the cover
portion 26 and the case portion 27 to be capable of sand-
wiching the flange portion 12b of the connection pin 12
therebetween in the axial direction of the connection pin
12, can be morereliably restrained from relative displace-
ment to the connection pin 12. This makes it possible to
effectively restrain the distance between the angle sen-
sor22 and the marker 21 from being changed. This allows
aload applied to the cover portion 26 to be reliably trans-
mitted to the flange portion 12b and allows a deviation in
position of the cover portion 26 relative to the connection
pin 12 to be reliably prevented, against the load, thus
keeping the distance between the angle sensor 22 and
the marker 21 be constant. Besides, the ability of the
sensor mounting bracket 23 to be divided into the cover
portion 26 and the case portion 27 facilitates set-up, re-
placement and the like of the angle sensor 22 and the
marker 21.

[0036] The guard-member-side engagement portion
25 projects from the lug portion 27b of the case portion
27 to engage with the rotation prevention recess 28b of
the fixing member 28 fixed to the arm 6, thereby restrain-
ing the entire main guard portion 24 including the case
portion 27 from rotational movement relative to the arm
6. This allows the angle sensor 22 to detect the rotational-
movement angle of the idler link 10 more reliably.
[0037] In the present embodiment, the marker 21, to
which no wire has to be connected, is fixed to the con-
nection pin 12 which makes rotational movement togeth-
er with the idler link 10 relatively to the arm 6, while the
angle sensor 22, to which a wire has to be connected, is
fixed to the arm 6 through the sensor mounting bracket
23 as a guard member; this facilitates wiring and protects
the wire from damage. Moreover, the cable 22a can be
covered with the cable guard bracket 22b while passing
through the cable insertion recess 28c of the fixing mem-
ber 28, thereby being reliably guarded.

[0038] In the present embodiment, the angle sensor
22 can be guarded even in a distal end portion with which
dirt or pieces of metal is likely to come into contact, and,
in addition, the rotational-movement angle of the end at-
tachment can be reliably sensed; this makes it possible
to reliably prevent the end attachment from contact with,
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for example, a driving room, to thereby enable the end
attachment to be safely used in a range as wide as pos-
sible. The working machine according to the present em-
bodiment is, thus, capable of reliably guarding the angle
sensor 22 without hindering rotation of the idler link 10
relative to the arm 6.

[0039] The foregoing embodiment is inherently for il-
lustrative purpose only and it is not to be construed as
limiting the present invention, an application thereof and
arange of the application. The present invention includes
the following modes, for example.

[0040] Although the marker 21, in the embodiment, is
fixed to the projecting end portion of the connection pin
12 while the angle sensor 22 is fixed to the cover portion
26 of the sensor mounting bracket 23 as a guard member,
it is also possible to connect the angle sensor 22 to the
connection pin 12 so as to make rotational movement
integrally with the connection pin 12 and to fix the marker
21 to a guard member, i.e., a member restrained from
rotational movement relative to the first member is reg-
ulated.

[0041] Although the first-member-side engagement
portion according to the embodiment is the rotation pre-
vention recess 28b which is a recessed part of the block-
shaped fixingmember 28, the first-member-side engage-
ment portion according to the present invention may be
configured by, for example, a U-shaped member having
an inner surface defining a space which receives inser-
tion of the guard-member-side engagement portion.
[0042] Although the angle sensor 22 according to the
embodiment is a sensor which detects an angle position
of the marker 21 by use of a magnetic field, the angle
sensor according to the present invention may be other
non-contact sensor, for example, an infrared sensor or
an optical sensor. Alternatively, it is also possible that
the combination of the marker and the angle sensor is
constituted by a potentiometer including a wiper and a
resistance plate. In either case, the angle sensor and the
marker only has to be arranged such that one of the angle
sensor and the marker forms a first detection element
fixed to aguard member and the other of the angle sensor
and the marker forms a second detection element fixed
to a connection pin.

[0043] Although, in the present embodiment, the first
member includes the arm 6 and the second member in-
cludes the idler link 10, it is also possible that the first
memberincludes theidlerlink 10 and the second member
includes the arm 6. For example, it is possible that the
rotation prevention recess which receives the guard-
member-side engagement portion 25 extending from the
cover portion 26 as in the embodiment is formed in the
idler link 10 and the connection pin 12 is connected to
the arm 6 so as to make rotational movement integrally
with the arm 6.

[0044] Although the working machine according to the
embodiment is the hydraulic excavator 1, the working
machine provided by the present invention is not limited
to a hydraulic excavator. The present invention is widely
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applicable to working machines such as construction ma-
chinery and civil engineering machinery, which include
a first member, a second member joined to the first mem-
ber so as to be capable of rotational movement around
a connection pin, and an angle detection device which
detects arotational-movement angle of the second mem-
ber relative to the first member.

[0045] As described above, provided is a working ma-
chine including a first member, a second member cou-
pled to the first member so as to be capable of rotational
movement in a specific rotational-movement direction
with respect to the first member, and an angle detection
device including an angle sensor which detects a rota-
tional-movement angle that the second member makes
with the first member in the rotational-movement direc-
tion, the working machine being capable of reliably
guarding the angle sensor without hindering the rotation-
al movement.

[0046] The working machine includes: a first member;
a second member; a connection pin interposed between
the first member and the second member, the connection
pin interconnecting the first member and the second
member so as to allow the second member to make ro-
tational movement relative to the first member in a rota-
tional-movement direction around the connection pin;
and an angle detection device which detects a rotational-
movement angle as an angle that the second member
makes with the first member in the rotational-movement
direction. The connection pin is connected to the second
member so as to make rotational movement integrally
with the second member while being connected to the
first member so as to be able to make rotational move-
ment relative to the first member in the rotational-move-
ment direction, the connection pin having a projecting
end portion which projects beyond the first member and
the second member in an axial direction of the connection
pin. The angle detection device includes a marker, an
angle sensor which detects a relative angle position of
the marker to the angle sensor in the rotational-move-
ment direction, and a guard member which guards the
angle sensor, the marker and the angle sensor being
arranged so as to detect an angle that the connection pin
makes with the first member in the rotational-movement
direction. The guard member has a main guard portion,
which covers the angle sensor so as to surround the pro-
jecting end portion of the connection pin all around the
projecting end portion, and a guard-member-side en-
gagement portion joined with the main guard portion. The
main guard portion has an inner opposite surface which
is an inner surface opposed to an end surface of the
projecting end portion of the connection pin, one of the
angle sensor and the marker being a first detection ele-
ment disposed on the inner opposite surface, the other
of the angle sensor and the marker being a second de-
tection element disposed on the end surface of the pro-
jecting end portion so as to be opposed to the first de-
tection element with a gap in the axial direction. The first
member has a first-member-side engagement portion

10

15

20

25

30

35

40

45

50

55

engageable with the guard-member-side engagement
portion, and the first-member-side engagement portion
and the guard-member-side engagement portion engage
with each other to restrain the main guard portion from
relative rotational movement to the first member in the
rotational-movement direction. The guard member in-
cludes respective parts capable of making contact with
an axial end surface and a circumferential surface of the
projecting end portion of the connection pin, the contact
causing the guard member to be restrained from relative
displacement to the projecting end portion.

[0047] In the working machine, one of the marker and
the angle sensor is disposed, as the second detection
element, at the connection pin which rotates integrally
with the second member, and the other of the angle sen-
sor and the marker is disposed, as the first detection el-
ement, at a position opposed to the second detection
element, thereby sensing a relative rotational-movement
angle of the second member to the first member in the
rotational-movement direction. This eliminates necessity
for using a conventional lever to sense the rotational-
movement angle and leaving a space corresponding to
the rotation range of the lever. This allows the guard
member to be disposed so as to surround the projecting
end portion of the connection pin all around it to thereby
guard the angle sensor reliably. Furthermore, the guard
member is able to make contact, in the axial direction
and radially, with the connection pin having high strength,
when receiving a load in the axial direction of the con-
nection pin or in a direction vertical to the axial direction,
to thereby transmit the load to the connection pin. This
effectively suppresses deformation of the guard member
and thereby ensures the guard of the angle sensor and
the marker and suppresses a change in a positional re-
lationship therebetween. Moreover, the guard member,
which makes contact with the connection pin to be re-
strained from relative displacement to the connection pin,
can stabilize the positional relationship between the an-
gle sensor and the marker.

[0048] It is preferable that the connection pin has a
flange portion which projects radially outwardly beyond
other parts of the connection pin and the main guard por-
tion has a cover portion which includes a part capable of
making contact with the inner opposite surface and the
axial end surface of the connection pin and a case portion
which sandwiches the flange portion in association with
the cover portion in the axial direction of the connection
pin. The main guard portion capable of being thus divided
into the cover portion and the case portion reliably sand-
wiches the flange portion of the connection pin in the
axial direction of the connection pin to reliably prevent
the guard member from coming off from the connection
pin and to effectively suppress a change in the distance
between the angle sensor and the marker. Besides, the
thus divisible main guard portion facilitates set-up, re-
placement and the like of the angle sensor and the mark-
er.

[0049] Itis preferable that the flange portion has a cy-
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lindrical outer circumferential surface and the cover por-
tion includes a flange-portion housing recess defined by
a circular bottom surface capable of making contact with
the flange portion in the axial direction and by a cylindrical
inner circumferential surface capable of making radial
contact with the outer circumferential surface of the
flange portion. The cover portion including the flange-
portion housing recess can reliably transmit a load ap-
plied to the cover portion to the flange portion of the con-
nection pin and reliably prevent the position of the cover
portion relative to the connection pin from deviation.
[0050] Preferably, the angle detection device further
includes grease which fills a space left between the angle
sensor and the marker. The grease provides, in addition
to lubrication between the flange portion of the connec-
tion pin and the case portion, an effect of preventing dirt
oriron filings from entering the space to realize accurate
angle detection and an effect of improving waterproof-
ness of the angle sensor by excluding an effect of water.
[0051] Itis preferable that the guard-member-side en-
gagement portion includes a projection which projects
from the case portion and the first-member-side engage-
ment portion includes a rotation prevention recess pro-
vided in the first member, the rotation prevention recess
receiving fitting of the projection in the rotation prevention
recess to engage with the projection to thereby restrain
the guard member from relative rotational movement to
the first member in the rotational-movement direction.
Receiving the fitting of the projection, the rotation pre-
vention recess can reliably restrain the case portion from
relative rotational movement to the first member to thus
make it possible to accurately detect the rotational-move-
ment angle of the second member relative to the first
member.

[0052] It is preferable that the marker is fixed to the
end surface of the projecting end portion so as to make
rotational movement in the rotational-movement direc-
tion integrally with the connection pin to form the second
detection element, while the angle sensor is fixed to the
inner opposite surface so as to be prevented from rota-
tional movement relative to the cover portion to form the
first detection element. Thus fixing the marker requiring
no wire, as the second detection element, to the connec-
tion pin which makes rotational movement integrally with
the second member and fixing the angle sensor requiring
a wire, as the first detection element, to the guard mem-
ber restrained from relative rotational movement to the
first member facilitates wiring of the angle sensor and
prevents the wire from be easily damaged.

[0053] If including the rotation prevention recess, the
first member preferably includes a cable insertion recess
located in the vicinity of the rotation prevention recess to
allow a cable extending from the angle sensor to pass
through the cable insertion recess. The cable insertion
recess enables a cable extending from the angle sensor
provided in the cover portion to be reliably guarded.
[0054] Preferably, the working machine further in-
cludes, for example, a lower travelling body, an upper
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slewing body capable of being slewed above the lower
travelling body, and a boom rotatably coupled to the up-
per slewing body, wherein the first member includes an
arm rotatably coupled to a distal end of the boom, and
the second member includes an idler link interposed be-
tween the arm and an end attachment, the end attach-
ment being attached to the idler link. In the working ma-
chine, the angle sensor can be effectively guarded even
in the vicinity of the end attachment with which dirt or
pieces of metal easily come into contact, and the rota-
tional-movement angle of the end attachment relative to
the arm can be reliably sensed. This makes it possible,
for example, to safely use the end attachment in a range
as wide as possible while reliably preventing the end at-
tachment from contact with a driving room of the upper
slewing body or the like.

[0055] This application is based on Japanese Patent
application No. 2016-085104 filed in Japan Patent Office
on April 21, 2016, the contents of which are hereby in-
corporated by reference.

[0056] Although the present invention has been fully
described by way of example with reference to the ac-
companying drawings, itis to be understood that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the
present invention hereinafter defined, they should be
construed as being included therein.

[0057] Provided is a working machine including first
and second members, an angle detection device and a
connection pin connected to the first and second mem-
bers to rotate integrally with the second member relative
to the first member. The angle detection device has a
marker, an angle sensor and a guard member, which has
a main guard portion covering the angle sensor and in-
cluding an inner opposite surface opposed to an end sur-
face of the projecting end portion and a guard-member-
side engagement portion. One of the angle sensor and
the marker is disposed on the inner opposite surface, the
other disposed on the end surface. The first member has
a first-member-side engagement portion engaging with
the guard-member-side engagement portion to restrain
the main guard portion from relative rotation. The guard
member can contact with the connection pin to restrain
the guard member from relative displacement to the pro-
jecting end portion.

Claims
1. A working machine comprising:

a first member;

a second member;

a connection pin interposed between the first
member and the second member, the connec-
tion pin interconnecting the first member and the
second member so as to allow the second mem-
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ber to make rotational movement relative to the
first member in a rotational-movement direction
around the connection pin; and

an angle detection device which detects a rota-
tional-movement angle as an angle of the sec-
ond member relative to the first member in the
rotational-movement direction, wherein:

the connection pin is connected to the sec-
ond member so as to make rotational move-
ment integrally with the second member
while being connected to the first member
so as to be able to make rotational move-
ment relative to the first member in the ro-
tational-movement direction, the connec-
tion pin having a projecting end portion
which projects beyond the first member and
the second member in an axial direction of
the connection pin;

the angle detection device includes a mark-
er, an angle sensor which detects a relative
angle position of the marker to the angle
sensor in the rotational-movement direc-
tion, and a guard member which guards the
angle sensor, the marker and the angle sen-
sor being arranged so as to detect an angle
that the connection pin makes with the first
member in the rotational-movement direc-
tion;

the guard member has a main guard por-
tion, which covers the angle sensor so as
to surround the projecting end portion of the
connection pin all around the projecting end
portion, and a guard-member-side engage-
ment portion joined with the main guard por-
tion;

the main guard portion has an inner oppo-
site surface which is an inner surface op-
posed to an end surface of the projecting
end portion of the connection pin, one of the
angle sensor and the marker being a first
detection element disposed on the inner op-
posite surface, the other of the angle sensor
and the marker being a second detection
element disposed on the end surface of the
projecting end portion so as to be opposed
to the first detection element with a gap in
the axial direction;

the first member has a first-member-side
engagement portion engageable with the
guard-member-side engagement portion
and the first-member-side engagement por-
tion and the guard-member-side engage-
ment portion engage with each other to re-
strain the main guard portion from relative
rotational movement to the first member in
the rotational-movement direction; and

the guard memberincludes respective parts
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capable of making contact with an axial end
surface and a circumferential surface of the
projecting end portion of the connection pin,
the contact causing the guard member to
be restrained from relative displacement to
the projecting end portion.

The working machine according to claim 1, wherein
the connection pin has a flange portion which
projects radially outwardly beyond other parts of the
connection pin and the main guard portion has a cov-
er portion which includes a part capable of making
contact with the inner opposite surface and the axial
end surface of the connection pin and a case portion
which sandwiches the flange portion in association
with the cover portion in the axial direction of the
connection pin.

The working machine according to claim 2, wherein
the flange portion has a cylindrical outer circumfer-
ential surface, and the cover portion includes a
flange-portion housing recess defined by a circular
bottom surface capable of making contact with the
flange portion in the axial direction and by a cylindri-
cal inner circumferential surface capable of making
radial contact with the outer circumferential surface
of the flange portion.

The working machine according to claim 2 or 3,
wherein the angle detection device further includes
grease which fills a space left between the angle
sensor and the marker.

The working machine according to any one of claims
2to 4, wherein the guard-member-side engagement
portion includes a projection which projects from the
case portion, and the first-member-side engagement
portion includes a rotation prevention recess provid-
ed inthe first member, the rotation prevention recess
receiving fitting of the projection in the rotation pre-
vention recess to engage with the projection to there-
by restrain the guard member from relative rotational
movement to the firstmember in the rotational-move-
ment direction.

The working machine according to any one of claims
2 to 5, wherein the marker is fixed to the end surface
of the projecting end portion so as to make rotational
movement in the rotational-movement direction in-
tegrally with the connection pin to form the second
detection element, and the angle sensor is fixed to
theinner opposite surface so asto be prevented from
rotational movement relative to the cover portion to
form the first detection element.

The working machine according to claim 5, wherein
the first member has a cable insertion recess located
in a vicinity of the rotation prevention recess to allow
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a cable extending from the angle sensor to pass
through the cable insertion recess.

The working machine according to any one of claims
1to 7, further comprising a lower travelling body, an
upper slewing body capable of being slewed above
the lower travelling body, and a boom rotatably cou-
pled to the upper slewing body, wherein the first
member includes an arm rotatably coupled to a distal
end of the boom, and the second member includes
an idler link interposed between the arm and an end
attachment, the end attachment being attached to
the idler link.
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